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(Microtus canicaudus) were trapped biweekly from June
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INTRODUCTION
Organophosphorus (OP) pesticides have caused wildlife
mortality when the risk assessment methods usedby the U.S.
Environmental Protection Agency (EPA) didnot predict a
hazard to wildlife (Grue et al. 1983, Bluset al. 1989).
Consequently, the EPA is interested in examining the
responses of nontarget organisms to exposure in controlled
field experiments to improve riskassessment.Currently,
ecological risk assessment methods relyon toxicity data for
laboratory species, together withexposure information, to
predict the risk to wildlife from pesticides.Toxicity data
are generated from standard laboratory toxicity testing such
as LD, or LC, tests (the dose or dietary concentration
necessary to kill half the test population) with mortality
being the endpoint most frequently investigated(Peterle
1991:135).Exposure is estimated using the expected
environmental concentration (EEC), which is predictedfrom a
model based on the substrate and applicationrate for the
pesticide (Hoerger and Kenaga 1972).The risk represented
by a pesticide is calculated from the "quotientmethod" (QM)
(U.S. EPA 1986) where the EEC is divided by thetoxicity.
Quotients of <1 are thought to pose little hazardto
wildlife and quotients >1are considered threatening.The2
quotient is multiplied bya safety factor of 0.1 or 0.2 to
allow for variation among species andindividuals.Toxicity
and exposure information is used ina tiered approach with
initial testing on individuals, usuallysurrogate species
such as laboratory rats or mice.Subsequent laboratory
tests examine other end-points suchas chronic effects on
reproduction or physiology.The final field tests attempt
to approximate actual pesticide applicationsmore closely
than do laboratory tests (Peterle 1991:150).Field testing
is done only if extreme toxicity isdetected in laboratory
tests.The data generated from these testsare used by the
EPA to register pesticides foruse in this country.
Making assumptions about wildliferesponse to
pesticides is necessary when designinggeneralized
predictive models.The risk assessment methodology (i.e.,
QM) used by the EPA is basedon several assumptions about
the response of nontarget organismsto chemical exposure.
Three of the main assumptionsare: laboratory toxicity tests
adequately represent fieldresponses, laboratory species
such as rats and mice are appropriatesurrogates for
wildlife species, and the bioavailabilityof chemicals and
responses of nontarget organisms are linearly relatedto
application rates.Predictive models based on
generalizations for toxicity,exposure, and hazard
concentrations are necessary because testingevery known
pesticide on many different species of wildlifeis
unrealistic.3
Models fail to predict the risk to wildlife speciesin
some cases because the underlying assumptions are not valid.
Inferring field toxicity from lab tests is difficult because
wildlife responses vary from species to specieseven within
the same genus, and responses of surrogate laboratory
species and wild animals may be very different (Tucker and
Crabtree 1970, Cholakis et al. 1981, Roberts 1988).Also,
natural ecosystems are more complex than laboratory
situations and laboratory results may not accurately predict
the hazard to wildlife in the field.In a series of
experiments examining the effects of the insecticide endrin
on deer mice (Peromyscus maniculatus), Morris (1968, 1972)
found that in the laboratory, mortalitywas dose-dependent,
but he could not duplicate these results in the field.
In laboratory tests, dose-response relationshipsare
established by determining at what dose a particular result
or endpoint occurs.In field situations the application
rate is known but the actual exposure to the test organisms
is not.Exposure can be reduced through food aversionor
interception of the chemical before it reaches the substrate
inhabited by the organism.Furthermore, the amount of the
toxicant with which the organism could possiblycome into
contact (the bioavailability) may vary with habitat
structure and biology of the test species.Few field
studies have examined the relationship between application
rate, bioavailability, and responses of nontarget organisms
to pesticides.4
My experiment was designed to test theresponse of
gray-tailed voles in field enclosures bygathering data from
four replicates of five applicationrates of Guthion°
(azinphos-methyl), and comparing the resultsto the toxicity
data and risk predictions thatwere generated in the
laboratory. The laboratory LD50 and LC50 for gray-tailed
voles were 33 mg/kg and 297ppm, respectively (M. Meyers,
ManTech Environmental Technologies Inc.[METI], Corvallis,
Oreg., and J. Wolff, Oregon State Univ.[OSU], Dept. of
Fish. and Wildl., Corvallis, Oreg., unpubl.data), and using
these values, EPA's risk assessment paradigm(QM) predicted
a hazard to animals exposed above 1.2 kg/ha.
My objective was to determine the effects of theOP
insecticide Guthion° on the reproductiveperformance,
activity, and male weight change of gray-tailedvoles. I
hypothesized that these fitness correlates wouldbe
negatively affected by the chemical, andthat the level of
adverse effects would increase with applicationrate.
Specifically, I predicted that reproductive andrecruitment
rates would be lower and mean weight change formales would
be reduced on treated grids comparedto control grids and
that vole activity would be affected by thechemical. I
predicted activity would either increaseas animals
attempted to avoid the chemicalor decrease as they became
intoxicated due to exposure.Furthermore, Guthion° degrades
rapidly in the environment with <5096 of thechemical present
in the soil 12 days following application(Schultz et al.5
1970).Because of this rapid breakdown and high
productivity of gray-tailed voles,I predicted that all
effects of the pesticide would be short-term and treated
populations would return to control levels withina few
weeks.I used gray-tailed voles in this experiment because
they are abundant in agricultural fields in the Willamette
Valley.The genus Microtus has a world wide distribution
and my results may be applicable to species in different
geographic areas.6
STUDY AREA AND METHODS
I conducted this experiment at OSU's Hyslop Crop
Science Field Laboratory, approximately 10 km north of
Corvallis, Oregon.The elevation was approximately 70 m,
and the site had a well-drained silty-clay loam soil and
level topography.The average annual precipitationwas 108
cm, but only 18.8 cm fell during the study, with 10.36 cm
occurring in April.The study area received only 6.05 cm of
precipitation from June through August.
Field Enclosures
Contractors constructed 24 0.2-ha (45 x 45 m)
enclosures made of galvanized sheet metal extending
approximately 1 m above the ground and buried 0.6 to 1m
below ground.Each enclosure was planted with alfalfa in
spring of 1991.Weeds representing most of the annuals
present in the region were a minor component.A strip 1 m
wide was mowed along the inside of each fence to minimize
small mammal activity near the fence and to preventcontact
with abnormally high concentrations of insecticide dripping
down the fence following application.I introduced six
pairs of voles into each enclosure during 9 through 14 April
1992, when the vegetation had reached a height of
approximately 30 cm.Two nulliparous females were added to
each enclosure on 23 April 1992.All voles released into7
the enclosures had a numbered aluminum ear tag in their
right ear.
Trapping
I established 100 trap stations in each enclosure, set
in a 10 x 10 array with 5 m between stations.One pitfall
trap, 45 cm deep and 15 cm in diameter, was placed at all
odd-number trap stations (i.e., 1-1, 3-3,) and Sherman live
traps (7.5 x 9.5 x 25.5 cm) were placed at the remaining
stations.This arrangement allowed for 75 Sherman and 25
pitfall traps/enclosure.Pitfall traps were covered and
Sherman traps were locked open when they were not inuse.
trapped the enclosures for four days (trap period) every two
weeks from 9 June to 21 August 1992.Sherman traps were
baited with oats and pitfall traps were unbaited throughout
the study.I set traps in the evening and checked them the
following morning.I trapped on days two through five and
14 through 17 following the pesticide application and then
resumed the prespray trapping regime.I ear-tagged all
voles for identification, and recorded weight,age, sex,
reproductive condition, and trap location.
Test Chemical
I used Guthion° 2S (azinphos-methyl; 0,0-dimethyl S-
[(4-oxo-1,2,3-benzotriazin-3(4H)- yl) methyl]8
phosphorodithioate) for this experiment (Mobay Corp. Ag.
Chem. Div., Kansas City, MO 64120).Twenty of the 24
enclosures were randomly assigned to one of five application
concentrations: 0,0.77, 1.55, 3.11, and 4.67 kg/ha with
four replicates each.These concentrations were used
because they approximated multiples of the 0.84 kg/ha label
rate of this pesticide for alfalfa.I used multiples of the
label rate to determine if a linear relationship existed
between the application concentration and the response to
pesticide exposure.The insecticide was applied by a
licensed applicator using a four-wheel all terrain vehicle
and trailer tank with 7.6-m spray booms.Control enclosures
received the same volume of water.The control enclosures
were sprayed first and the chemical was applied to each of
the four application rates in ascending order.The
pesticide application began on 7 July 1992, when the control
enclosures were sprayed; however, during the spraying of the
first 0.77 kg/ha enclosure, an equipment failure occurred
and spraying was completed 9 July 1992.Two each of the
remaining four enclosures were treated with 1.55 and 4.67
kg/ha and were designated as removal enclosures for another
experiment on biomarkers of exposure.
Fitness Parameters
I used three measures of reproductive performance:
proportion of adult (>30 g) females that were in9
reproductive condition, the proportion of the total voles
that were recruits, and the number of recruitsper adult
female.Females were considered to be in reproductive
condition if they were lactating, pregnant, or had widely
open pubic symphyses.I defined recruits as any newly
tagged vole; I assumed they were born in the enclosure.The
number of recruits per adult female was calculated using the
number of newly tagged voles each trap period divided by the
total number of adult females in that enclosure four weeks
earlier.Adult females were used because I was confident in
my ability to detect pregnancy in this size class;
determining if smaller females were in the early stages of
pregnancy was difficult.The four week time-lag allowed
offspring to reach trappable size.I used the average
weight change for males, whose weight at first capturewas
<30 g and who were captured during consecutive trap periods,
to determine differences among growth rates for each
treatment and week.Females were excluded from weight
change analysis because of weight change associated with
pregnancy.I used the <30 g criterion because younger and
lighter voles were not captured frequently enough to provide
sufficient data for analysis.I measured activity by using
the mean maximum distance moved (MMDM), and probability of
capture generated by program CAPTURE (White et al. 1978).
The MMDM value is calculated as the maximum straight line
distance between trap locations averaged over all captures
within a trap period (Wilson and Anderson 1985).The10
probability of capture value refers to theprobability of
any animal being caught in any trap on each trapping
occasion (White et al. 1982:47).The MMDM and capture
probability values are relative indices of activityonly;
measures of absolute activity were impossible to determine
with my study methods.Population sizes were estimated
using the Mt Chao estimator (Chao 1988) fromprogram
CAPTURE.
Data Analysis
I tested the fitness correlate parameters to determine
if a pesticide response occurred within the vole populations
for any treatment during any week of the study.Fitness
correlate values were generated for each enclosure andeach
trap period of the study.Response values were then
analyzed by averaging the four replicate enclosures into
treatment values.I used arcsine square-root transformation
to adjust for the nonnormal distribution and nonconstant
variance of proportional data.However,I report means and
95%- confidence intervals for back-transformed data.
I performed two analyses to test for differences
between means from one week to another within treatments and
to compare means among treatments.First, I examined the
responses from each treatment using repeated measures
analysis of variance.Second, a univariate analysis treated
application rate as a whole plot factor and timeas a split11
plot factor (Huynh and Feldt 1970).This analysis
incorporated vole population densitiesas a covariate to
adjust for density dependent effects among enclosures.
Density was a significant covariate in all analyses; I
present density-adjusted F values.For the univariate
analysis, attention was paid to the values of the
Greenhouse-Geisser epsilon and Huynh-Feldt epsilon.Values
of these parameters that are not close to 1 indicate that
the univariate analysis is inappropriate because the
covariance of the responses do not satisfy the assumptions
of the analysis.In all cases the epsilon values were close
to 1.The general linear model procedure (SAS Inst. Inc.
1989:891) in the Statistical Analysis System (SAS Inst. Inc.
1987) program and an alpha level of 0.05were used for each
comparison.The above methods allowed me to test the
hypothesis that the fitness correlates did not differpre-
and postspray and among treatments.12
RESULTS
I captured 1,864 voles a total of 9,956 times in 48,000
trap nights between 10 June and 20 August 1992.The average
population density was 60.75 voles/enclosure (SE= 2.45),
and ranged from 14 to 137 voles/enclosure during the study
(Fig.1) .
Reproductive Performance
The proportion of captures that were recruits and the
number of recruits per adult female in each enclosure
declined over time; the proportion of adult females in
reproductive condition did not.The proportion of adult
females in reproductive condition ranged from 0.22 to 0.52
during the study, was highest between 11 and 26 July 1992,
but did not differ among treatments (F= 0.58; 20,74 df; P =
0.91; Fig. 2).The proportion of captures that were
recruits in each enclosure declined from 0.75 to 0.09
between 10 June and 20 August 1992 (F= 45.12; 5,74 df; P <
0.001), but did not differ among treatments (F= 0.97; 20,74
df; P = 0.51; Fig. 3).The mean number of recruits per
adult female in each enclosure ranged from 0.30 to 2.30, and
declined during the study (F= 14.00; 4,14 df; P < 0.001)
but did not differ among treatments (F= 0.87; 20,74 df; P =
0.70; Fig. 4).13
Activity
Activity patterns varied depending on the parameter
tested and sex.Males moved 8.2 to 14.5 m between captures
within a trap period, and no difference was detected in MMDM
over time (F = 1.20; 5,74 df; P = 0.32) or treatment (F =
0.82; 4,14 df; P = 0.53; Fig. 5).Females moved 5.5 to 11.3
m between captures within a trap period; MMDM decreased
during the study (F = 4.70; 5,74 df; P = 0.001) but this
decrease was not associated with treatment (F = 0.60; 20,74
df; P = 0.90; Fig. 6).The mean probability of capture for
males ranged from 0.35 to 0.72, and did not change over time
(F = 1.83; 5,74 df; P = 0.12), nor did it differ among
treatments (F = 0.65; 4,14 df; P = 0.64; Fig. 7).The mean
probability of capture for females did not differ among
treatments (F = 0.21; 4,14 df; P = 0.13), and did not differ
over time (F = 1.72; 5,74 df; P = 0.14; Fig. 8).
Male Weight Change
The rate of male weight gain declined from 7.27 g/two
weeks to 1.15 g/two weeks as the experiment progressed (F=
54.62; 4,61 df; P < 0.001), but did not differ among
treatments (F = 1.23; 16,61 df; P = 0.27; Fig. 9).140
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Figure 1.Mean population size and 95% confidence intervals
for gray-tailed voles by date and application rate in field
enclosures exposed to Guthion4 at the Hyslop Crop Science
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Figure 2.Mean and 95% confidence intervals for the
proportion of adult female gray-tailed voles thatwere in
reproductive condition by date and applicationrate in field
enclosures exposed to Guthiont at the Hyslop Crop Science
Field Laboratory, Benton County, Oregon, 1992.1
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Figure 3.Mean and 95% confidence intervals for the
proportion of gray-tailed vole recruits by date and
application rate in field enclosures exposed to GuthiorC at
the Hyslop Crop Science Field Laboratory, Benton County,
Oregon, 1992.3.5
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Figure 4.Mean and 95% confidence intervals for the number
of gray-tailed vole recruits per adult female by date and
application rate in field enclosures exposed to Guthion't at
the Hyslop Crop Science Field Laboratory, Benton County,
Oregon, 1992.20
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Figure S.Mean maximum distance moved and 95% confidence
intervals for male gray-tailed voles by date and application
rate in field enclosures exposed to Guthion'° at the Hyslop
Crop Science Field Laboratory, Benton County, Oregon, 1992.15
0
lc)
Controls0.77 kg/ha1.55 kg/ha3.11 kg/ha4.67 kg/ha
OP
1111111111 Iliff
Pesticide application
veirekteir
Date
4!/..4v6
Figure 6.Mean maximum distance moved and 95% confidence
intervals for female gray-tailed voles by date and
application rate in field enclosures exposed to Guthion' at
the Hyslop Crop Science Field Laboratory, Benton County,
Oregon, 1992.1
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Figure 7.Mean and 9596 confidence intervals for the
probability of capture for male gray-tailed voles by date
and application rate in field enclosures exposed to Guthion'
at the Hyslop Crop Science Field Laboratory, Benton County,
Oregon, 1992.1
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Figure 8.Mean and 9595 confidence intervals for the
probability cf capture for female gray-tailed voles by date
and application rate in field enclosures exposed to Guthion'
at the Hyslop Crop Science Field Laboratory, Benton County,
Oregon, 1992.10
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Figure 9.Mean weight change (g per two weeks) and 95%
confidence intervals for male gray-tailed voles by date and
application rate in field enclosures exposed to Guthion' at
the Hyslop Crop Science Field Laboratory, Benton County,
Oregon, 1992.23
DISCUSSION
I used a replicated field experiment to determine if
fitness correlates for gray-tailed voles varied ina dose-
dependent manner in response to the application of Guthion®.
I was unable to detect measurable changes in reproductive
parameters, activity patterns, and male weight change of
gray-tailed voles because of exposure to Guthion®.
Reproduction and Recruitment
The endpoints of reproduction that I measured did not
respond as I hypothesized. Reproduction and recruitment in
small mammals have been measured in response to pesticide
applications in other studies.Researchers, both in the
laboratory and in the field, have examined effects on small
mammal reproduction caused by pesticides.However, only a
few have replicated treatments.In a laboratory study
testing the effects of Guthion® on rats and mice, doses of
0, 1.25, 2.5, and 5.0 mg/kg did not adversely affect
reproduction, and caused reduced maternal care and weight
gain of adult females only in rats receiving 5.0 mg/kg
(Short et al. 1980).An unreplicated aerial application of
malathion to a forested area reduced white-footedmouse (P.
leucopus) populations by 20-45%, and was suggested to have
been the result of reduced productivity and survival (Giles
1970).In another unreplicated field experiment, Pomeroy24
and Barrett (1975) determined that the application of 2.25
kg/ha of the insecticide Sevin° caused a delay in the
reproduction of cotton rats (Sigmodon hispidus), based on
the number of juveniles entering an enclosed population.
However, in the same experiment, feral house mouse (Mus
musculus) populations increased following the pesticide
application.My results suggest that pesticide applications
may not directly effect reproduction rates of small mammals
in the field.
Activity
Pesticide exposure may alter behavior patterns of
animals, but results vary depending on the species,
chemical, and behavioral response examined.Pine voles (M.
pinetorum) observed in arenas following exposure to 235,
275, and 310 ppm of Guthion® spent less time grooming (at
the low dose only) than controls (Durda et al. 1989).In a
separate experiment, pine voles had reduced levels of
aggression at an exposure of 195 ppm compared to controls
(Durda et al. 1989).Common grackles (Quiscalus quiscula)
had reduced activity as one of the first signs of
intoxication when they were exposed to four different OP
pesticides at different concentrations (Grue 1982).
However, not all studies investigating the response of small
mammals to insecticide stress have found differences in
activity following chemical exposure.Trapping efficiency25
for prairie voles (M. ochrogaster) differed between old-
field and agricultural communities, but not in response to
the application 2.27 kg/ha of the insecticide Sevin°
(Barrett 1988).I found no detectable differences in MMDM
or probability of capture for either males or females in
response to the pesticide application.A decline in MMDM
occurred for females as my experiment progressed but this
decline was probably in response to increasing density and
competition for space among females.The same decline was
not seen for males, possibly because males compete for
mates, rather than space to raise young (Ostfeld 1985, Wolff
1993).Again, my results did not support my hypothesis that
vole activity would be affected with increasing application
concentrations of Guthion®.
Male Weight Change
OP pesticides may cause reduced rates of weight gain
because of chemically induced anorexia, food aversion, and
direct intoxication (Grue 1982, Bennett 1989).In the
laboratory, Guthion° caused a decrease in weight gain in
pine voles (Durda et al. 1989).However, results from field
studies have been contradictory.Cotton rats exposed to
2.25 kg/ha of Sevin° lost weight during the winter and did
not gain weight as rapidly the following spring when
compared to an unexposed population, but the difference may
have been due to competitive or habitat differences between26
the treated and untreated plots (Pomeroy and Barrett 1975).
Sullivan (1990) detected no difference in growth rates for
Oregon voles (M. oregoni) exposed to 3.0 kg/ha of the
herbicide Roundup(glyphosate) applied aerially to a forest
ecosystem.Although mean weight change decreased through
time in my experiment, there were no differences among
treatments.It is possible that any effect on male weight
change was not of sufficient duration to be detected by the
two-week interval between trap periods in this experiment.
I recommend weighing individuals repeatedly within a trap
period to measure weight change of shorter duration in
response to a pesticide.
I was unable to reject my null hypotheses of no
treatment effects on individual fitness correlates of gray-
tailed voles in response to increasing application
concentrations of Guthion't'.However, the statistical power
of these tests was low for each of the parameters tested
(<30-60%) because of the large variation in the data.
Despite this low statistical power,I have confidence in my
conclusion of no treatment effect because of three separate
lines of evidence provided by other researchers involved
with this project: analysis of chemical residues on
veaetation and soil within each enclosure, plasma and brain
acetylcholinesterase (AChE) levels for gray-tailed voles
removed from enclosures that received the 1.55 kg/ha and
4.67 kg/ha concentrations, and food discrimination trials to27
determine this species' ability to detect and avoid the
chemical at sublethal concentrations.
Analyses of GuthionI residues on alfalfa leaves within
the top 15 cm and bottom 15 cm of plants and soil samples
from each enclosure,(R. Bennett et al., EPA, Corvallis,
Oreg., unpubl. data) indicate that the alfalfa canopy
intercepted most of the chemical.Residue levels at or near
the soil surface even in the 4.67 kg/ha enclosures were less
than the LC value of 297 ppm for gray-tailed voles in the
laboratory toxicity tests (M. Meyers, METI, Corvallis,
Oreg., and J. Wolff, OSU, Dept. of Fish. and Wildl.,
Corvallis Oreg., unpubl. data).Chemical residues in the
soil samples at the 4.67 kg/ha rate were approximately the
same as the residues present at the vegetative canopy in the
0.77 kg/ha enclosures.Thus, Guthion' concentrations in the
habitat strata used by voles were below levels predicted to
cause adverse affects.
The mode of action for OPs is through the inhibition of
AChE, an enzyme responsible for the breakdown of the
neurotransmitter acetylcholine; AChE levels in the brain and
plasma have been used as indicators of exposure to OP
pesticides (Fleming and Grue 1981).AChE inhibition was
found to be dose-dependent for pine voles, and inhibition
was greatest between 1 and 5 days following field exposure
to 2.2 kg/ha of Guthion. (Durda et al. 1989).In a separate
but concurrent experiment conducted by researchers
participating in my study, four enclosures were used to28
supply animals for biomarkers of exposure, including brain
and plasma AChE activity.AChE activity levels from these
tests indicated that exposure to animals in the field was
less than that which caused adverse effects in the
laboratory.Voles removed from the experimental enclosures
had brain AChE levels that were reduced by 18% in the 1.55
kg/ha application rate and 20% in the 4.67 kg/ha application
rate (S. Dominguez et al., EPA, Corvallis, Oreg., unpubl.
data).Brain AChE activity was reduced by 45-50% for
animals that died during laboratory toxicity studies and by
approximately 30% for animals that survived laboratory tests
(M. Meyers, METI, Corvallis, Oreg., and J. Wolff, OSU, Dept.
of Fish. and Wildl., Corvallis, Oreg., unpubl. data).Thus,
animals in the field had exposure levels that, even at the
highest application rate, were insufficient to cause AChE
inhibition of more than 18-20%.A reduction in brain AChE
activity of 20% usually indicates exposure in rodents anda
reduction of 50% suggests that exposure was the proximate
cause of mortality (Johnson and Wallace 1987).Furthermore,
behavioral changes in rodents may not occur until AChE
inhibition reaches 50% (Peakall 1992:33).Other studies
have demonstrated that inhibition of AChE is a short-term
effect and recovery may be rapid (Zinkl et al. 1980, Fleming
and Grue 1981, Jett et al. 1986).Recovery is possible in
some cases via spontaneous reactivation of inhibited
cholinesterase (ChE) and synthesis of new ChE (O'Brien
[1967] in Grue 1982).Therefore, even if voles were exposed29
and suffered some adverse effects, it is possible that
intoxicated animals recovered before they were captured.
Furthermore, AChE inhibition of 18-20% may not have resulted
in measurable changes in reproduction and activity in voles.
The lack of a pesticide-related response in my
experiment may also have been a function of the species'
ability to detect Guthion° on its food.In laboratory
tests, gray-tailed voles can detect and avoid Guthion° in
their forage at concentrations of about 100 ppm (T. Manning,
OSU, Dept. of Fish. and Wildl., Corvallis, Oreg., unpubl.
data), which approximates the 1.55 kg/ha application rate
used in my experiment.Because voles are able to detect and
avoid the chemical at 100 ppm, exposure to amounts that
would cause physiological impairment may be minimized
through avoidance.Avoidance of contaminated food has been
documented for both birds (Grue 1982, Bennett 1989) and
mammals (Linder and Richmond 1990).
The EPA's risk assessment paradigm predicted a hazard
to gray-tailed voles at an application concentration of
Guthion° of approximately 1.2 kg/ha, and thus overestimated
the risk to gray-tailed voles.The amount of chemical that
reached the substrate inhabited by voles was less than the
EEC value used in calculating the risk, or "Q" by current
EPA risk assessment methods.In addition, voles are able to
detect contaminated food.Consequently, the amount of
Guthion° the voles were exposed to probably was insufficient
to cause measurable changes in reproduction, activity, or30
male weight change.Exposure to sublethal concentrations
was also indicated by the 18-20%- AChE inhibition levels in
the voles removed for bioassay (S. Dominguez et al., EPA,
Corvallis, Oreg., unpubl. data).
The temporal changes in the parameters that I measured
may have been the result of seasonal patterns in
reproduction and activity, or a response to the increasing
density in many of the enclosures.Changes in population
parameters can be the result of environmental factors,
physiological and behavioral responses, and individual
reproductive performance at various densities (reviewed by
Batzli 1992).In areas that provide adequate habitat, small
mammal populations can reach high densities (reviewed by
Batzli 1992).When high densities are reached, increased
predation, intraspecific aggression (Abramsky and Tracy
1980), and reduced food supplies may lead to poor survival
even though reproduction continues (Batzli 1992:836).
I found significant changes over time in several of the
parameters that I measured.The proportion of captures that
were recruits in each enclosure, the number of recruits per
adult female, the MMDM for females, and weight change for
males all decreased as the study progressed.The
probability of capture for both sexes, and MMDM for males
did not show seasonal effects.These seasonal changes were
possibly because of density-dependent factors.
Specifically, as the density within the populations
increased, competition for available space and resources may31
have increased, thereby causing female homerange size to
decrease and females to move less distance between captures.
This finding is consistent with evidence from other Microtus
species (Abramsky and Tracy 1980, Boonstra 1984).Female
home range size decreased but that of males did not,
possibly because females competed for space torear their
young whereas males may have used large home ranges to
increase access to females (Ostfeld 1990, Wolff 1993).
Infanticide was not uncommon in small mammals, and adult
female density was negatively and inversely correlated with
juvenile survival (Boonstra 1984, Madison and McShea 1987,
Rodd and Boonstra 1988, Heske and Bondrup-Nielsen 1990).
It is possible that as competition for food and space became
more intense, adult females were killing litters of
neighboring females in an attempt to displace them (Wolff
and Cicirello 1989, Wolff 1993).Therefore, the decreases
in the recruitment, number of recruits per adult female, and
female activity are possibly because of density-dependent
changes in the population dynamics of this species.32
SUMMARY
My experiment examined the effects of Guthion® on
individual fitness correlates of gray-tailed voles in field
enclosures and compared the results to those expected from
the EPA's risk assessment paradigm and QM.I was unable to
detect differences caused by the pesticide in the parameters
that I examined.The risk assessment methods used by the
EPA overestimated the hazard to gray-tailed voles in this
study, and thus provided a conservative estimate of risk.
suggest that the life history and biology of the species in
question, along with the specific habitat structure, should
be addressed when developing predictive tools for pesticide
risk assessment.My study provided some information about
the difference in the way that small mammals respond to
pesticides, and the predictions made by current EPA risk
assessment techniques for calculating the hazard to small
mammals.Although many unanswered questions remain
regarding discrepancies between laboratory predictions and
responses actually observed in the field, this experiment
will enable other researchers to design and conduct future
experiments to address the issue of wildlife response to
pesticides.33
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